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(57) Abstract . 

PROBLEM TO BE SOLVED: To provide a method for 
determining a defective portion of an LSI capable of 
readily and quickly narrowing the multiple defective 
portions in the LSI and determining the number of 
defectives and the defective portions by small data 
amount irrespective of malfunction of an output terminal. 

SOLUTION: Logical information 48 of each block that 
changes by each test vector 41 is outputted by a dump 
operation 47 from circuit connection information 45 by 
using logical simulation 46 for inspection of an LSI 
circuit The logical information 48. of each block by 
each test vector 41 is combined with information 44 of 
presence or absence of Iddq malfunction (leakage current 
in a static condition) so that an arithmetic operation 
49 of each block by each test vector is executed and 
extraction 50 of a block including, a defective portion 
is executed. The defective portion at a transistor level 
is extracted from the logical information in terms of 
the presence or absence of lddq malfunction at the block. 



COPYRIGHT: (C)1998,JPO 




-1- 



(19)B#BfcfW (JP) (12) Q M 4# 1^ ^ Wi (A) (lDfcffttiH&ra*^ 

#$§¥10 -239394 

(43)&»B sp|SlO#(1998)9^11H 

(51)Inta. 8 mifitt F I 

G0 1R 31/28 G0 1R 31/28 F 

G0 6F 17/50 G0 6F 15/60 6 7 2D 



a^EW* % 9 OL (£15 H) 



(2i)tas## 


^H¥9 -39122 


(71)H5SA 


000004237 








B*1Ua8cj£^H: 


(22)ttJHB 


¥l£9¥(1997)2JI24B 




Jf05C8Kt§E23ETB 7 # 1 # 






(72)Sg9I# 


Mm 








«^RiK^HTB7#l^ B*«^t* 














(74)«SA 





(54) B8wo«»] ls i<D&mmm<DftMi&j& 



(57) CSW] 

[RH] L S I AflK>$ffttl**« 'J^ft^-r-^S 

v ^OgftSflffH 4 8 tt, BlKttttfi ffi 4 5A^LS IB 

©^a-yi'<Dtag'l«$84 S^^Xh^^^C'^cOl d 
d qS^<DW^©'lffS4 4£i!Sl^-fci-5C£T% S^a 

:7*a>y*T*<D I d d q jtttO«MK:43tt«Iftl11ftBfr& 



tms 41 



— IZZZf" 



43 




_ ^ 



r^ 9 



60 

IT 3 



(2) 



1 0-239394 



imxm i ] lsi <oA*4S^-t vm&x-hznzT- 

^-rXh-<**{c«fc!)«fej£-r-&. S0I2LS I WISH 

mvfvmikVim-ctDv-tnviiT'Sbz i d d qtofii^m 

U ^tcK&K7a>y^tct3lt5 I d d qg&^-f 3 

m^oiity, ct*&mt-*& l s i <o&BBffi<D*# 
[is#JS2] yoy^cTi:<oimE»a»^*?a«. l 

<DAj3mm<Dm&t>-&T°&%. m&m 1 taeico l s i 

*miB*fc»rpv^amt4, i d d qmntmiSi-rzm. 
mmm<oxtinim<r>m-£ito*i<D-£-ct>\ iddqfif^iE 20 

m&m 1 tamo l s 1 <r>i&mm<o^wtk e 

*f»E«d»^ny^atfcltt % I d d qSS^S^Lftf 

^a<Dffi^-t>-a-^©^T*^ I d d qffijWE«4*RL 
ftf^ h^*#^T*©A^SSa©*I1^i:mc#?£-f 

K^o-y^. JEmra<y^i:LTtttU 30 

5. 1 «ce«© l s 1 ©stWBmowsgft^ffi. 

SffinE*»7ny*«itHtt, I d d qgf*WLfcf 

7. h^^^s^tcT^tH^ns^asoA^soffl 

^t>«». feitf I d d qSftfaiL^VfX 

±Xt>\ I d d qffi#IES&aScL-/-c-fX 
T'<DA^I^SC»ffl#t.-^af, *5«fctfl d d qmrtJEWte 

IS^o-y^IES^n-y^t L-T«tHU ^ft 

« 1 tciens© L S I OttWBBf OWSft^rteo 

<0&*)&W±. mm-fuvtnctsVZ I d d qSftf so 



I d d qgS#5?£l,T<,v&V^X h-<^2S^ 

ts. mmm 1 ic$m<D l s i <D^mmm<D^{ty5m 0 

[Iit#«8] HijfB-y'n>y^c*i:<D^iSiiI[^T3ci: 

%»«uTac»Bm*»t)ao, »#jg 1 kissel s 

[tt*«9] MfB^n^y^cTtOISiSillS^fTdc.!: 

Bfflm*«93&tJ, M&H 1 KEKOLS I <0&Bi@m 
©^sgft/jifc. 

[000 1] 

SSE«5#»] *»W«4CMO S L S I tDfc 

[0 0 0 2] 

m*<D&m u^<d c a d l /c v = ^ u- -> a 

fCo 

[0003] ^(DWi-oxmimmmwoxtmczzm 

[0 0 0 4 ] 0 1 2 lifiE^oamft*ftoftlCj:«ttM 
->=ib— >a>^a<DgSn-7a>y^0T'S»3x 0<M3 
§12 1tif7h^^ 1 2 2 «&P§5£g. 12 3. 

1 2 4 « L S I 1 2 5. 1 2 6 fctlHIVS 

al/-: J'hV. 1 2 7 l&tmx&Zo ftBffifJrOfl^tC 
1 2tc^-TJ:3fc, L S I Offi^i^tc 
fc^5ISS'>5il'-->3>'l 2 6iC£«iE1itlfta<I 

rt»iaie<D#y- Kfc«st»«« i 2 2*ffat>isa 

S/3 2 5teJ:**BlftSlli:*fflv\ L 
S lOA^aS?{c-xXh--<^^ 1 2 l%A*Lfc^f, Hi 
^JS^JcOtiS^-ri.lSiatDtb^l 2 7KJ:&*IR«DScKl 

[0005] m-cDftmz^v ■? w-^mt^. 
tehu-x-rs^rffi-efeSo -r&*>^ ls ioA73iffi 
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mam isT^ < tm* frz&mzmm lt^sa** 
atau t&m®pR*m7ZL, *<Dmmctii.m*fe$%vx 

[0 0 0 6] 

^irti&&m&m&<DMtftf^vjmv&%> 10 

[0 0 0 7] ^Bi&|iSffi<D»«tfcB8bTti. #B 

?» £H£ 8?#T X £ & <, * t, > 3 A £ & 

[0008] w&?5m<D&%K~2^xwm*mm 

i&f? (Stuck-at-0, Stuck-at-1) 

©^T-a&tK ^—y^tdma-y^^u—^a^x^^ 
@ttSsaft^se>*v^e.TS«o sre. tester a as-si 30 

Tt^^^n(f^e.^:V^ci6. ISJA&x-^ffii'&t)!! 
fflttT-li&frofc. ?*t>*>. femtZtitB®. (V0) 
(iLS I ZMl$.TZlB}mmT-®(. (L) ©3S*^4»tC 

[0009] ln(V0)oc(3~4) • In (L) 

<?sfox*&%rctb. mttmf&Ltsimmtiiztizctic 
tmmt^x^xisK), 0>jx.«ls 1 T-T-v^f >^*-> 

^1^^A'CT$8£2nT<,^«fcd{C. «ifiT*«E BT 
(Electron Beam Tester) iDi3 



[0 0 10] *^<0IW«> L S I F*9g|5©£S&P§ 
[0 0 1 1] 

[tfM£8¥&-f £fca6©^®] *%B^toLS i<D&Bm 

v^*$K'&.-oxmt?%, l s 1 *ffi)$.?zm 
*&wmmmtiLx&&-7u ? >? zhnmmmftmm 

mrxb^t 21cm) l s 1 vmimmtt 

(Dffi±vimx<Dv—?mmx&% 1 d d qom^mmm 
^jisfxh^ zm^tzm^x. mruytc't 

[0 0 12] ya-y^c*i:<DiSa»)lf1t^ti. LSI© 

xtt^zixjjtZTXh^zicmmLxmttz 

[0 0 13] -7u>y!r££<D%m&mZfio C tlc£% 

a»ray^iffli4, 1 d d 

<DA*fSa£0ffi#t3-lirO±TA\ I d d qffitflE^&x 

x h-<^ zm^?<D\t)i&m<Dm&t3i£icfttE? 5 1 ^ 

O*. K7n-y ^^iEf 7a 7 ^ i: Ltttlli ftx« 
mmru y ?*t&.m7v y 9 1 LTffltiJ LT fe <fc < , 
I d d qlftflitftrX h-<^^##(CT^ta$n 

1 d d qmnfijEwtwaisitv-x v^t z^xoxii 

*?J:l>*I d d qSm^a^L^V^r-X 

zm^\zx&miEn%mmm<o\iiwm<Dffi£ 

K>&<D±Xt>\ I d d qffitflE^&jiSjgLfc^Xh^ 
^#^T*<OA*fSii©)B^-li-gf. *5iO*I d d qffitf 

[0 0 14] fe©7a>y^{ct3tt^&©fiR>f(D^t)ii^ 

mMmywt^isvz i d d qM^sbt^ 

AT* *><}:<> ^©7a-y^*c*3tt^ Iddq 
M^fg^LTt/^^X h-<^^l&^T'COA*^iS©ffl 
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-&t>i££ I d d qg^tffg^L-T^&^X r-^*§ 
[00 1 5] ya-y^c'iiiDfjlSigSSrfT^cfcfcJ;* 

[0 0 16] CM0SfiS|[Hl^(i[5]KrtgPfi:^S^R§^ 
=rr-5 fc. -HgWMlali: LT " I d d q (Q u i e s e 
nt Vdd Supply Current)" tVfi 

-ran ±Vimmw.mmcmnmt>mt\Zo ®.r>x, c<d 

I d d qS^i, L S I ®&f*lBWV!)m&.BZmtE{t-$ 
■& 5 ZtfTZZo CCDffiMfflfCOl^T 

W\ M. Sanada "Evaluation and 
Detectionof CMOS-LSI wit 
h Abnormal Iddq" Microele 
ctronics and Reliability, 
Vol. 35> NO. 3, pp. 619-629, 19 

[0017] ant % y-h7u^acM?n5A.s i 

C (Application Specific In 
tegrated Circuits) It^tbtgffiS tl 

[ooi8] *nwic£%&mttimmm<D®o&frjjm 

" 7uy>7" tfotz l s i *mf$.?%m*mwm 
"iddq" cMsls i <Dwmm^<D^.±vmx(o 

7D-^tttBU &fcKtt»7o y^iC felt 3 Iddq 

zoAjrrzTXb^zicmmLxmt-rz&yu-y 

[0 0 19] t&oyr— ^^m^tz^^'y>C't<DSmm 

mmwr? c t K«t zttrnfu -y ?m&?5mz 2 mm& 
0. 1 1 d d qmntfm^tzmmMoixtim 
m<DM'&t>&<Dft<D')>rj;< tt> 1 MmvL±tm-teXJ3 
mm<D&&t>-&t)\ 1 d d qm&iEm*T7> b^tzm 

i&Byuvttvxmtii-rzfi&X'&r). t?iott 
1 d d q&ntfmmi.rz'rxb^z&mcxtfimztx 



zm&mm<ommLrzAfiMm<om&t>i>:®-(Df*i<D 1 m 

lEm&J&gtL. /c-rX b'<?$m^X<DAJimm(»&'&t> 
[0 0 2 0] ZZIC. ±i£Lfc2iffiBQ'&— F " I d d 

qSS^atLferx b'V? fmwicx&tiiznzm®. 
mmcomuLrzxti^m<Dm^t)W *5<fci>\ "a^ 

10 iSS«Offi^t>-ti-" ^JUtLfcliSOffl^-tJ^ifcDlffla 
W±i:|s|-& "AftftS^ffl^fc-ear i: "A^ll© 

iB^fe-feT *V I d d qffltfjEtt&xX h 

O M A*lftaofi^to-e-»" k "A^IUKDffl^-tr 

U^t^o <y ^^riKf^yD y ? £ LXtbtii? 2> £ 

tttftmt i,rz&&im®ffi<D¥fj£ia5mx>3bz 0 
[0021] ^mtt£t\tzwmruv^^<DUt. 

-yirlCiotfZl ddqSf*^4U^fXK^^ 

^x<DXtswm<Dmtt^*m^xw&mm%®. k> & 
^tcfctf* i d d qSf^ibn^fxi-^^i 

^•^OA^giS^ffl^-yri: I d d qg?!?tf#§£LT^ 
ftV^X h-^^^S^T'OA^S©iiS-&t>-&^ffll^T 

[0 0 2 2] ±$£>f J -*£ffl^fc7n-y*c-£cr)lSg 
^*£fT?C£K.fc3i!fc©7'a>y*«tntt. ffl^fc-eiH] 

&*m'i^x^<ctic&*), M®mm*&o&tsc£ 

[0 0 2 3] 

mwvmmcDBM} was© «t 3 tc, cmos i&Jiieisg 

"Iddq (Quiesent Vdd Supply 
Current) " £iftT3iil31^l§>±m^:fctt3 

mmmffitcmiftmmtiZo m 1 ««)SiKP»«o#a(cj: 

HiLSK 1 2HVdd, 1 3 G N D % 1 4(iRlI 
1 5«fXh^i'^ 16«Iddq (S 
40 fit) T&£o t-^fe^, L S I 1 1 <DP*?gPtC*!3JSaStP^® 
mi 4tftf&?Zt, te&cDT-Xb^irZ 1 5fCit)^ 

^iafe[^®mi 4<DKg£:-?ttTVd d 1 2*> 
e,GND 1 S^SJltt^tBH^Sfiri d d q 1 6tffg£ 

[0 0 2 4]Jlfi? N y— h7'H'a c 2ifC^?n-5A S I 
C (Application Specific In 
tegrated Circuits) <D^ItW\ ^tb 
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-SSH-^ffiT'feSo *-<D<fc?&A S I COCMOSteJSS 

I d d qS^£S^5fXh^?§ft%ffl 
[0 0 2 5] «W«tS-f\ ^ywy^^m^S.a.h'- 

->a y-mmic-o^rm.mv. i d d qg?it;&?i£ 

£#3f Xh^*S^tem:£)£fco^TlKB#r5o 
*«9!<0¥W£IlttliU ^c&|5r?-n<y^&93£ 

[0 0 2 6] 1) L S I <D&7ay ^(DWam^S. zl Is— 
S/a>«« (02) 

02«LS I ©^^"a-yi/^fSSi'SjLl^— >3>|g^ 

0AW*ttiB*jjvr*sia» (b)«Lsi©xm*n 

IH«*ii?mh^^j'a, (c) tiLS 1<0§7d 
•y^^t«a0> (d) liSIM (Si stems 
Integration Model) ±<DB££iJ^{fcc* 

i: ©f-x h * Kjt-r « A^smsrSi-r x i- 

T'fe-So 0«M3*§2 1 ttL S K 2 2ttAM^ 2 3 
«ffi7j4$?s 2 5afXh^^^, 2 6(ittl^ 2 7« 
7ny^BK 2 8ti^"n^i7 B 2, 2 9li7a'^B 
nT^So 

[0 0 2 7] tSI->5aV—>a VW\ iI3?L S I 2 1 
(DX-hni- 2 2A^e»A73-r-5T-X h-<^^ 2 5(C^L 

(c, ^-f 5>^*•»f>F«9gl3a@^iiE■rs/c46^cffl^,^e ) n 30 
■5c SEoTv &mt%:Z&i%Lr t — £ li & 7 D-y^ 

—>3 ^f-^tif-X h'Vrfm^C'tlcmttZ&y 

- •> a 7 \s-s*J LiS^ faff & 6 &(,\> 

[002 8] 02 «l^a-> = a lx-~> 3 

Wf$t), S-f, &7n-y^c*t©ai734^{ctH7J-f 

£{fc1WHI«:iSU #SC&7uy 5 Z£<Dmt}i%Ttf$:m 

£ #*f C* i: O^bfgffifc il U fcgiH* L r <, ^ . 
[0 0 2 9] 2) iddqSS^4?^§fXh^ 
(0 3) 

fxw?^(D i d d qstosiiigaaBSL 



U fcl>-*««HB* 1 d d qStlt L 

TS^ULfcfcOtf, I d d qSmWO i:LTtttB2n-5 
-rXh^^'Iffg-eifcSo 0 31*^ X r-^*cTi;<D I 
d d q a«t«f«* *f 7T* 0, 0fW§3 1 
« 1 d d q<DL2^m. 3 2(il ddq (iE^) , 3 3 
(ilddq (MS?) V&Z 0 X «jtc -fx h 
(JLaP3k TVno. irlB-T) «YMtc I d d qffi&j% 
To lE^SO I d d qffittSH&ffiWT (0>J?U£. IEfit# 

T) ^5©(c»lt, i d d qmn&imfemv&B 

[0 0 3 0] 3) *%W<D¥MH (04) 
0 4«*%WcD^jH^-r7a-^^-hT*SS o 0* 
f?F*§4 1 ti-rX (TV) , 4 2C4L S I 

An, 4 3« I d d q{IcD$J5gs 4 4 tt I d d qffigfitO 
TVSfOilB, 4 5ttBHMMR11HR, 4 6ttHa$'S 
^ 1/-> 3 X 4 7 tirtSPlHlSSy- Kttao^vyjn. 

a. 4 8(iT VCTi:cr)§ra>y^<OA73^a(DttttJ> 4 
9 ti^W^a, 5 0 li»^7P >y ^coamT'^So 

[0031] *^T'{±, l s i (ommmftzr-x b? 

ZrclblcmffilEtircT-Xb'VrZli., fXh 
tcmctz L s 1 «)Wrt-**/*n» ^Ci:oSiaitffi 

fX t-^^ ? C't© I d d q ©SMfgt^ 
[0 0 3 2] $1\ f-X r--^£ 4 1 ££lcm£?%& 

1/->3>4 6^T '7>7'M1" 4 7t*fc-f3L 
S I ?r#I^T5&-7*n-y^cof-^Xh*^fg^bTttl73 
•TSo ^©f-Xh-^^^il*i:<D#^a-y^©A7ai^a'lf 
$8 4 8{i±^Lfcf-Xh-^^^il*i:0 I d d qS#<OW 
£8<DHt$84 4 Ci:"?. #7o-yi'©fXt- 

-<^^c*i:om»5aa4 9*^?^ ttBflffi*rtitt 

bfc7"n<y ^©tefcH 5 0 WT^tJtl^o 
[0 0 3 3] ^LT. tttb^tlfcS!(iiifflfifT^rt®Lfcy 
a>y^7 5 0^€,i:{C. WDy^t-©I ddql^d 

[0 0 3 4] 4) &1&7ti'y!?&K>&fr<Drctt><Dj3jX. 
(05) 

0 5 &*%WIC £ Ztm? a -y ^ «ft »3 iitf fe^cOS* 
W^x.73^)S-<55fiB^0T*^»?, (a) ttLSIflO 
7"D7 7*/f^im (b) (i^^a-y^c'ttD^V 
7UXK (c) ti (b) <D^>^UXhtc^Jt>^-(t/c 

1 d d qmnGmmmz*-???7X'&%o 0*^5 

Hi L S I x 5 2li7P7ni> 5 3l*7n yt>B 
2. 5 4(i7n-yi'B3> 5 5 «7n -y ^ B n, 5 6(i 
rXKi-^ 57(ilddq (SS) . 5 8{±^>7 P 
UXK 5 9« I d d qS^@R)TT**S„ 

[0 0 3 5] ISOT'D-yi' (B U B 2. B 3, • • 



(6) 



ftfflW- 1 0-2 3939 



• • , B n, • • • ) ICTffi&ZnZ L S I 5 1 <DXt3 

So 

[0 0 3 6] IMittcfy-ftimK*.*), ^fuy^<0 

0 5 (b) lCm-t&-7uv?££<D?>70X h 5 8lc 
tCZT\ LSIlCTfXh^^irilfCi 

(BU B2, B3, • • • Bn, • • • ) tC|§£ 10 

otv^o LfrL&tfCK L-tVSrn 

±TzmmmvnmtfL s itoidd qfissi: lt« 

[003 7] .05 (c) fC^^n/£±KE<D I d d qfilg 

no. a, b, ctCkftjSLT&tK fi£^T. S7n7 
^(CTI d d qSS^^tl/cT-Xh-<^^i:iESmi 20 

I d d qSf5:rtIt«7D7^^»ait4i: 

[0 0 3 8] 5) t&m7uv?cDitotii?5JK. 

I d d qS«*rtJ«-r*:7ny ^fctttti-rs^Sc 
tco^TI&HJf-f So AS I C^tS7n7^(i*f 

m^)LT< SIhISS^T'^O^ S*y-h (AND. O 30 
R, NAND. << *[h]S&3?) A^ALU^ADD 

EREKHSO***««|OlelK*tf*<5. NBJ¥HI 

^^IslS&^tfifcSo cn6 2«ISO(HlSS<Di!ft^»T 

[0039] 5- 1) m-£t>it\Bimctt-t%&m-7vv 
^oatu^iC (0 6) 

ffi^t»-eiiiHste»'r«sw8ii^'ay^©ttm*iCte 40 

Bv9(Dmmj5m<Dwmwv&Q, (a) ti^^yjx 
h £ l rata? n/c 5 A2»tti?**rr s ta-&*>-e-iaiS© 

^/'JXh, (b) « I d d qSg%4©7D-ff 

-k (c) (i^v^uxh tiTaai?nfe5A*ffl 

^^-r-S^fe-y-USStD^V^UXh, (d) fct:7*a 
•y*£m^i:W5e?-Sfci6<D:7ci-^-v- K (e) « 
>J Xht LT»WJtlfc 5 « ffl^ 

fc-eislggcD^vy'JXK (f) (,£7ay?lctSimj*lffi. 
Ogt,^65i:W»tt57n-ft-M'$5, so 
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[0 0 4 0] 0{C^"TJ:^{C, I ddqSftf%4t§ 
A*Ji&H<DS-&fc-e-«3«g (A, B. C) #&LT<^ 

So *tt&©««i:*tr*Tv#«Md\ 

A^iaS^ffl^-yrAti TV (a 1) „ TV (a 
2) , TV (a 3) 

ATJS^SOffi^-tirBti TV (bl) , TV (b2) 

A*)!UI©*§£fc-eCti TV (cl)« TV (c 
2) . TV (c 3) 
T*&3o 

[004 1] cn<b<D3mm(oxtiwm<Dm^t>^tn 

UA73i^S<Offl^t>^ I d d qm&JEm%:TVlCfr& 
-rsfr^dfrnytf a — * (P CSfcfiEWS) Srffli^ 
TP^fSo 

[0 0 4 2] 06(c), (d) {i^a-y^^rIE^i:W 
B, C<D^TA^IE^T VlCft&LtctZ. £CD7uy 

d d qffitfjES&T V{C#£ELfc t CCD^a-y^ic 

fr-eB" tm-(oxti%$m<Dm-£t>*ki* i d d q ffi#iE 

3?&TVtc#£L/c££. ±82tra«»c "A^Ji^ffi 
B" (±i!i!(^^bT^SA73fmaT*{i*V^fiJ 

HrrSo WT, mttrc "AAttloatMC" 

<DA73tBS<0*i^fc>-fcW I d d qffiA^IE^^T V(C^ft 

Lfc£f?±iet|w|«H;: "ArtliSW>»&*>-ec" t^ftfei^ 

^^LT(/>SA^I^aT'ti^:V^i:fiJ»TL, £T<D I d 
^TTSo 

[0043] 06 (e) , (f) itzmvtnc&mftM. 

ESfclHS^fT^ A77lmSOiB-a-t)-&A, B. C(Dft<D 
'J>%:<tt>l »#*>-B:W±*< I d d q fil^iE^^T Vtc 
fe^SA73l^a<Dffl^^:(c^ffiLT</^V^(C, CO 

[0044] zcom&ic-o^TWiw-fZo &mtt(.mit 1 

V 5 fC WL WW F*3 ft t T 1/ ^5 <D if ^ 5 ft* T- * 5 „ 
[0 0 4 5] b5^«. 1 ffl©rny ^KJSftfSljb^Trta 
IsX^Ztclb. 0 6 (e) . (f) fcfcttS "7D7^ 

CtiP,3«a© I d d q *A*jlftS© 
ffl*t>H*tt. *tl6®li#toH3:A<fentf J &-r I ddql 
««9B£U Icit, I d d qfiftflE^fcT VtCfettS 

[0 0 4 6] «»©:7ov*tett»*n*HRLT 

SDS (A) AM d d q<l<DIE#3S:TVtCt3tt5A^iia 
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(A) teffl(D7ny?lcftWi.Ztirc I d d qS^lffB 
85AM d d qS^%?g£-f •STVT-i&'K ft^rtiu 

2mm (A, B) AM d d qfltfiE^fcT VKfctf&A 

rtjgSttiTc I d d qgm©1t*8#fi&ofc&<DT'2D3£ 
«rT*£3o LT> aofcflSO 1«S« IddqSS 

Co 0 4 8] ^5tC, SS^Aftsia©^^*© 
£T (A. B, C) AM d d qffitfjOEKMST VfC*5#5 

fcrt®$nrc i d d qa^oflWB^attofctoTffc* 

<£>o 

[00 4 93 5-2) JWfmBICtt-r«ttW7 , l3«y*4) 
JfitH/jSC (H7) 

T0 7(CTgKB^-T§o B7ttJIHl*lHltt©ife»:/oy *© 
»m7Dffi©t&BJ30T*& t>, (a) ti^V^'JXh^LT 

K (b) iiIddqSfM©7n-^t-K 

(c) a^fyyjx h t Ltamstift 5 A*»=s:t 

TSJDUftllBojfvyyxK (d) if7w*%:iEig 
t^JS-T5fci6©7a-^+-h % (e) ti^'U 

[0 0 5 0] 07 (a), (b) tC^fJ:3{C. Idd 
qll«* , f6^-r5A*»3l©ffl^t>"a-tt7WR (A. 
B. C. D. E, F> G) SltLTPS. ^ft£©TV 
±T<O^<om^CltWWii)^0. I d d qSSA<?8± 

[0 0 5 1] £©£#«, C*l<=>©8¥ (A, B, C> 
D) £g¥ (E. F. G) ©HStJfcraUAfcttS©*!^ 
fcH*-©HS9# I d d qmfflElj&TVlC&tEtZfriZ 

[00 5 2] 07(c). (d) ttfuyf&iEtitm 

(A. Bs C. D) fe^tf (E. Fs G) tm~<DXt} 
ISaoffl^to-eWtf I d d qilA^IESir&T VfC#ftLfc 

©si^-fc-e-g* (a. b. c, d) k.m-o>\timm<D®. 

d d qfflA^iE^^T Vfc&&Lfc£«, C 
©■7a-y^{c*3ttS "A*ftlOffldt>«8 (A. B. 
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C, D) " (i&f§^i^LTi,^A^ST'{i^v>i:W 
St-T^o ^tc, A^JiSS©ffi-&^S¥ (E, F, G) £ 
m~<DAt>mmv>m£ti-&%t& I d d q{IA<IES&T V 
lc#ftbfci:t. ±IBt(S]«tc "A^Ha©®^-^ 
(E. F. G) " «»|5i^i$bTV^SA^liST'«^: 
^fcfUWU ±X<D I d d qfS«OA*liloa^b 
^i¥A<&^7nRgLT^:&^©T% C©:7*a -y *{±IES? 

[00 53] 07(e). (f) {i7D-y?&cftiil|rt/g 

\ A*ltiia©*l"&fc-eP (A, B, C, 
D) *3«j;a\ m (E. F. G) ©rt©'>&< fcfc lfi^ 
fc>-£8fW±A< I d d qffi*«iE1lt*T Vfcte»t*A*»a 

[0054] %<Dm&ic-o^xitm&t>-&ts}t&x*<Dmfi 
tmmx&Zo &mtm& i m<D7v>y?ictmtf±T 

rtSSLT^£A\ ffi&©7n-y?{Ci<&|SA*rt;KLT^3 
A^if^^A^T'^-So 
20 [0 0 5 5] HU^«\ im<D7u>ytrlC&mtf£Tftm 
LT^5fc4&, 0 7 (e) * (f) fcfctt* "7d-^ 

«** CtlbZmmcO I d dqSW4t5AMl© 

»&fc>-£»ti. ^n^com^^m^&niSi^-f i d d 

q»«««4U ttoT* I d d qffiA*IE?i?&T V{C*5 
** -5 A*ifll©ill£- L T * tWi-f fc*^& 

[0 0 5 6] ^©yn-y^Cifc^A^liLT 
^5y-XtSf), 2tt?6i©A;ftlSa©iB-&*H2:' : f'© 1 
30 (A, B. C. D) AM d d qfit©IE?irfc:TV{C 

43tt*A*i&a©a^fc-»s»c#fi-r*«f. ^©a^^s 

a©ffi^-t>-&gf (A. B. C, D) {iSU©^a^^tCF»i 
MSttfc I d d qS3f©1i$8AS«fcofcfc©T-;&;&fc¥iJ 
»f-e#5o fLT, fti!©g£ (E, F, G) tt I d d qS 

[0 0 5 7] i^±. «Rfl!|gS»CftW*»Wf3erSC*iS^fc 
A\ MS^(HlSS«iiML/'cT V©ftil{c, ^-©TVtCTI 
d d qS^A^^LTt/^-y— XA^O, ^J^.tf. Id 

40 d qS^A^^-r5A^)ISia©ffl^-e-«7aS (A, 
B, C, D, E, F, G) #ffiLTV^5o I ddqSt 
A<5££f •£ A^ISa©iH-a-t3-&(i)lM L tc T V 1? © 
(A, B. C. D) ©Pi:#-©A^S©ffi^-ii- 
E. F*5«J:t>\ Gi^?^r-XT*$5. C©i*-&©Ha 
«iaitL/cTVT'© (A. B. C. D) ©gf. xtswm 
©ffl^t>-&E. F*5<tCf. G©4ffia«r^x.5o 
fc, HLftTVT'© (A> B> C. D) ©gftciji— © 
T V©A*iSa©ffi^-«i-^|SI-©A^^a©ffl^to-tt 
A^GELTt, (fi?"Jx{f. B = F) . ctie>«gijfi(c#x 

so 5„ P§S«U il^LfcTVT'© (A, B, C. D) ©gf 
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{CT43C&t,\ 2re>Ki)i-CQT V (F) T><Dm&**SC 

[oo58] c<D$imm&*mw?z>rcib^ 

c o o 5 9 ] @8 nm#®&<D®mys3S.<Dmiwe3b 

(b) ttD^^y^y • 7a7yoiilf-7;l/f 

[0060108 (a) l±, lffltO-TV^-^lHlSS. 2 10 
<@<D2A7jAND|s]SS^3<tt>\ 2 <@C0 2 Kfl NOR H0S& 
*^M?n«2A* (D : D a t a4&tf% C L K : C 

i o c kigm , zmts (q, q* ) ©«ai?®*^r-rft 

D F/F<DIhISS^T*$.5 (Q* =Q£OS^fia^rjlc* 

•rs) . 0 8 (b) ti^coi^a^-^i/ (ins * 

^kto DF/FKfe^T, QfcB77{|ij2A7jN0RlH]S§tf 

"H" mtUCte^tctt I d d qsm*^4bfci:-rs 
t. coym^itms (b) (cStiIf-7;H©fx 

WJTVno. 6, 7. 10, IK 12. 1 3 {C 
*5l^T I d d qSSA^4t«. 20 
[0 0 6 1] cn^-©A73^a©ffl^t>H±t LT1 
I d d qg^Ofg^bfcT VcDft, TVno. 

7, ik 1 3ic&B^tckz. mm^xtimm (d = 

0, CLK = 0) tfTVno. 3, 5, 9 iCfel/^T 
££*lT<^3o bfrbfctf£, Ctie>TVno. 3. 

5, 9 (DXtimmiC^Xlt I d d qSSti%4LT^ 
&<^„ ^©S*«/lHi^lH]K« * a y ^fl^tcllIW LTf 

[0 0 6 2] T&*>^, 0 8 (b) tC^-Tlia^— so 
6>BJ! 5 kl, f7K^?T Vn o. 7, 1 

K 1 3{c*3V>T{S^F?nTi/^iSa«QtH*(|iJ2A73 
NORIelS&tf "H" *5<fct>\ Q' fcH7j{IJ2A2jNOR|5] 
SStf "L" a^&ofcfi&aTi&SCtCttb, fXh^ 
^£TVno. 3. 5. 9{C*5^T&J#£nT</^li&a 
{iQm73ffilJ2A73NOR[5]K^ "L" feitf. Q* tH73 
{fS^ATJNORlHlSStf "H" ffi*i:^:^7c^ST'^§/c: 
i&T&So ftoT, Qm7affiiJ2A7aNOR[slS§^ "H" 

wt:(c^o/c^ i d d qmwtfmttzwmity-x 

WTVno. 7. IK 13TOS^ST'S^tL 40 

iii^lOiDi^b-B-S (fXh^^Tvno. 6, 
7} *5j:tf {T v n o. 10, IK 12, 13} £. b 
TlSSb&tfftff&e^N, -T^t?-^, Wl^lHlSS^te© 
®m&m<Dyjm£ Iddq g^©A2)Sia<0£a-3-*5-tf:P 
A^IE^xX h^^^T'OA/j^ao^fe-^PcD^tC 
3 A^SUE b&ttnfcf, f©7D y 

[0 0 6 3] 6) B/SSU#*UK < £5&iii7a-y?&»)3& so 
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*7?K (0 9) 

0 9 « L S I ^^SSUfc^fiJ b, WlWzTu y ? tj & 
&y5&.*7K-tWfflm-?3b9. 04> 9 1 it L S K 9 2 (i 
HS^IslSg, 9 3, 9 4, 9 5 tiffl^to-eislSS, 9 6B7* 
ny* (b 1) , 9 7«ya-y^7 (b 2) , 9 8ti^a 
>y* (b3) , 9 9liS*^a«y^T**-S 0 

[0 0 6 4] BWJWrn-y 
ffl?n§7^7"7 i ;i:»t5. ^ifr^fifStlT^-SS* 

ztzibic, ±fr*&m<D*%zicn#mLT. ls if*? 

gp©^ a -y ^fig*^* ZttftSbZo ^©B^T'S 
«-T^tci:«, ffl^fc^ES&tWfMKt^ESiJbT 

1 o<DPg«iiiffi(cBJi#iyb;ftitn{;?&e>#^c tt-S 

a©/jxwg& £ fc * T*& 5 . 
[0 0 6 5] 0*, HMHMPJfcfc^Ttt* ffl^^ESS 

^feH*l§IIS*#*iJL^WB»*J* (a U a 2, a 
3) tLT»Wfflmo«Oa**fTt>TV^*. ft 

mtfftSiLT^&tisxmiiizntcmmytiy? ( a 
1) 9 3tc*3^T, BJirn-y^ja*«ia-r*pg»«ia 

bl, b2, b 3lcTtt(.mmpfi(D%(r)&&.*'i : T5 0 

T«»*c*/j^ffi-pa&*, "sxtMemmtomar r-«o 

^a-y<7 (b2) 9 7%tttB-r^ 0 
[0 0 6 6] 7) h^V^X^l^^VCD&BSRlfcOiKO 
(010) 

^-^e.ia+h^v^x^-e^^ns, or, no 

R, NAND, AND, A— £110 85, 7^7^70 

i^lel^^tllbT'^^o cne.©S*W^aiH]K«A^ 
SraatC|WII8bT£f©b-7:y^X*#0N/0F F bTI/^ 

ImSlHlSgcD 1 2A73N AND|HS<?)«5:ffl^ 

rum?*, 

[0 0 6 7] 0 1 OtifSa^^^U-^aMCi^Sfc^ 
h^>^X^£OtttHO|ttB^0T*$»>), (a) «2A73N 
AND<D[sl^0T*^D, (b) (i 2 A* N A N D ®Sg<0 
Afttiia©£ffl^fc-efc?£SbfcJiaffi3l£ I d d qfi 

<Dm-&t>i£ (TV 1, TV 2, TV 3, TV 4) ff, T 
V 3 (ATDSS? I N 1 (C L o w A 7^4$-? I N 2 

CH i g h b^U^A^J) tCT I d d qSm^ftSfeb, 
ffi<DA73^a<Offl-&t)-a- (TVK TV 2, TV 4) ti 
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*tiim?%&m%:Wffl-tZo lis. c(Dtd.mh^>iyx 

o » -5 fr^SEf 3 c i: ic <fc 0 ^gS"T £ o 
CO 0 6 8] 01 0<92A73N ANDlllSSS{ct3</^T. 

TVno. PTr-1, PTr-2 
TVK OFF OFF 
TV2, OFF ON 
TV3, ON OFF 
T V 4 > ON ON 

[006 9] ££fC, I d d qgStffg£f -S>aS&ti2 

K Vdd-> PT r l-> NTr 
2, Vdd^ PTr2^ NTr 
cn&£9»£g£±KB<Dh^V^X*cD0N/0 F Ftttfl 
fc©«R*^ I d d qSStffgSE-T&iiSS* V5> 

K Vdd-» PTrH NTr 
TVK OFF ON 

TV2, OFF ON 

TV3> ON OJF 

TV4 N ON OF 

t&tK NTr i &mmt&r>Tmzom)iWi<Dm. m 

2> Vdd^ PT r 2-» NTr 
TVK OFF ON 

TV2> ON ON 

TV3, OFF OF 

TV4, ON OF 

tteK). PT r 2*5«fct>*NT r 1 *'Sft%otSCO so 

£k TVltildd qmtilEIZ&rclb. P T r 2 (Cfta 
fomtfft&^T^ZCtt^m^ PTr2«IE^fcW 

[0 0 7 2] JfiLh, ilSSK 2<D&IiEfc:<fc9NT r 1 

[0 0 7 3] J-^±{±4 h7>'^X^^T*^S2A73N 
A NDtelSSfCO^TOfllJT'&SaV SH" h^Vv^tC 

[0 0 7 4] 8) ffl^to^®IS©tt»1Bffi«9i&*#ffi 

(011) 

01 i teM&t>&®mctst,tzfommpFi*&9}&tsJ5& 
z*-?mmmv$> k>. ( a ) immmm ti adqmt 
<Dmm&. (b)tt(a) oidd qmnmmvmx 
( c ) immm¥&*)&&<Dm&.m?£>9. 04>?? 

§1 1 K 11 1 1 3«&D so 
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fXh^^? (TVK TV2, TV3, T V 4 ) fcft 
P^iM/h^V^X* 1 s 2 CfiUfc. PTr- 
K PTr-2i:8B-r) Nft^h^^^jt K 2 
(JWP$, NTr-K NTr-2 ^ffi-f ) ©O N/O F 
Fttftti 

NTr-K NTr-2 Iddql 
ON ON IE* 

ON OFF mm 

off on as? 

OFF OFF JElg 

A*J N A N D [algStc&^T 2 il D ii^TL e>n3„ 
[0 0 7 0] 
1 -» Ntr2^ GND 
l-» NT r 2-» GND 
7?tDON/OFF«$lT't?SLT*5i:> Iddq 

s»» i 

l-» NTr2-> GND 

ON IEm 
OFF 

£ on mn 

F OFF IE3? 

[0071] sft, i d d qmi%£>m±?z>m$&2i,z. 



GND 



mm 



1 -» NT r 2- 
ON 
OFF 
F ON 
F OFF 

[0 0 7 5] I d d qS^#f§£Lfc^Xr--<^:|oJ: 
If. JEftVimT'OrX b^tzzm^r I d d qm%fr 
3§£L/c^X h^^^tC*5^«sfeS<D^fk^»lC0->5 

Sr'-S'tt I d d qS^A^±LfcxXh-<^^T'fe 
>K ffi£-fr-£lE]S&4)«3\ ^<D I d d qS^%^-T5 

^rfa¥{cfatHT*#5 0 01 HiHuiELfcSfeKF*?^^ 
W*tcfi6t±J-r5fc46<Dg4B^0T**O. fZh^^TV 
no. (a-l)HTVno. (a) &C^{b {F (a 
-K a)} bfc^f. I d d q H^A'fS^TSo C<OB?f 
O^^^cD^ktiA^Jtf^NO 5<£>## "0" fr£> 
"1" 'xgfliU ffe«g{fcLTt/^\, ZL<DWm<Dmt 

?SKfXK^?TVno. (a)^TVno. 
(a + 1) Kg?{t {F (a, a + 1 ) } LfcB^ lESttf 
ilclS. Ct0^F©^^^cD^t{*A^tr>NO8cD^ 
" 1 " fr£ "0" ^{fcU ftfiti^fcLT^&VN, ffi 
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[00 7 6] 

mBfi<D%)%ki w±^L/c«t3(c i d d q 

[ 0 0 7 7 3 Sg 1 (i, m^?g#OW«HcM&& < ft 10 
[0 0 7 8] $2tt, S^c&lSSfsm^&O&Cycirtf 

d d qS^^Lfc^X h^^^S^cD^tD^-^T* 

tf £ t tf-Ctr •5^**^ 
[0 0 7 93 gS3«, £?>K. ±KEUfc7 ? -^«i!&l^ I a 20 

7ci6. ^atffc<Tfc»Wtf^tefc&S&**<&S. 

[0080] ^&&nmmmi*ftfrtt^T 
[00813 msiz, i%mic*&mtf : sjm-i:'$>z>&-c*$> 

«fcV\fc«>. KXlc£UltfRrt£-e&&. LSI 
Kfltlc & -3 fc i: b T t, 5MPJ b 7 a >y * #{4 T*<DmW *< 
pTflg^fcii, 3>lfa- ^SBOKW^Slt^V^ U >y 30 
hjb^^o ££tc. *(DffiW&-7u>y<?£ tier 

[0 0 8 23 2g6t;J\ *»W<0JSffl»4 I d d qS^fifcO 

t». i d d qmrnrnttzzicmmLK^rctb. mms, 

[023 L S I (D^ya-y^tD^m^Z^^— 
m?:7U'>> 7 Lii-rj§SoUiB^@T*$.§o (a) (iLS 
I OAffl*ttI^/TtIS0-!'$5. (b) (iLS IO 

Ata^^a^^^-r^xh^^^^T^^o (c) ** 

LS I co^^n-y^^-T^ET'SSo (d) « S I 
MCSistems Integration Mod 

e i) ±.<Dmmit<?t<Qzrtjy*(Dmj3ffimg<mT- 

5£0T'2d3 o (f) fi&^o-y^cTi:(OT-X h-^^^tC so 
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[033 T-Xh^f *cTi:©I ddqSMH^/fv 

[0 4 3 *%WO¥I^t7n-ft- H'fe§o 
[0 53 *%WIC £Zttl&7vv?Z&K>&tsrcib<Dm 
*1ft*m?iJ5Zi&'<Z>mWmV&%o (a) «LS I F*3 

<oyu^^^t^mr'Sb^>o (b) (i^D'^c 

tOfXh^^MT'feSo (c) It (b) <DxXh-< 

****c»j&*-e-fc i d d qmmiimwsTK???? 

[0 6 3 mfr-&-em&<Dttim7 a -y * ©aa;* i£<oi&Bj§ 
0T'fe5 o (a) it^yjxbtLxmta^ntc5A 

7j4S?«rW-r5fi^t>-a-|iIKO^>^yx HT-^So 

(b) fct I d d q^5g^<07a-f-^-hT'^^o 

(c) f±^>7uxh£LT»tti£nfc5A2/asi^w 

•TSffl^^lHl^©^>ryxhT'feSo (d) fi^a 
>y * *IE& £ W£T 3 tctb<D 7 a * - h T-ife 5 „ 

(e) it^>yv7,hti,xmm^tirc5Xti^^ 
-r^ffl^feti-isi^^^yyxhT^^o (f) b7d 

[0 7 3 WWslBUDfcBrci >y ^ ©am73 SCP^it' 
(a) «^>^yxhi:LTttttl$tl/-c5A^iS 

^wrswi^iHiKcD^vryxhT'^So (b)«i 

d d qS^fS^cOyn-^-y-h-efe^o (c)(i£> 
y y X h £ LTftlHSftfc 5 A*«?^w-r -SW^IUSS 
©^>yyxhT'355o (d) fi^a y^^iEmtliJS 

nfci6©7n-f+-f-tss. (e) kt^vryx 

7'JXht-S5. (f) t±yn-y^{cSic^rtm©^i/^ 

[0 8 3 JBrt50HIO»W*a©»iWHTf*S. (a) ti 
D^7'7'j77'-7D7 7*O|HllfsiT«§ 0 (b)f± 
D^7*7'J77*- 7Dy^OISlf-7;I/T'$^o 

[09 3 LS IfcPgJfSUtCtfllJU »B^a.y^%tSFt) 

[01 03 il->SiL/->3yia?.WF7>^ 
$(Dmm<DmWmz*2bZ>o (a) {i2A73NAND<DEl 
SS0T'&S<, (b) &2A73N knD^<OXtlWm<D 

±mtt>-eic&BLrcnmm&t i d d qmtcowmm 

[0113 ffl^*3-a-[5]i^(ct3lt?,S[B{@RlT?:lKDiity?3 
m*t7ji-?mmT*%>%<, (a) CiSSffiSi: IddqM 
tcOfflKST'S^o (b)(i (a) (Did dqSflf 
<Dt£*ST'i&§o (c) 9 &*<&1lt5!eH"e 

[0i 23 «e*«y«o«s«»«f^iafcj:s4Sc»'> sail- 
s' 3 >73^«1tnr □ -y 7iT*65„ 
[?5^<DSiB^3 

IK 2 K 51, 9 1 LSI 
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